Sheet intrusions (inclined sheets and dykes) in the deeply-eroded volcanoes of Geitafell and Dyrfjöll, 10
Introduction 32
The understanding of the internal structure of active volcanoes was pioneered by fundamental studies 33 of extinct volcanoes in northwest Scotland [Harker, 1904; Richey and Thomas, 1930; Anderson, 1936 ] 34 and Walker's [1963] study of the Breiddalur Volcano, which laid the foundation for a series of studies 35 on extinct and eroded volcanoes in Iceland [e.g. Walker, 1959 Walker, , 1963 Walker, , 1974 Carmichael, 1964; Blake, 36 1966; Annels, 1967 Annels, , 1968 Newman, 1967; Torfason, 1979; Fridleifsson, 1983a; Klausen, 1999 Klausen, , 2004 , 
2010]. 39
One of the basic constituents found in the cores of extinct volcanoes worldwide are swarms of ‗cone 40
sheets' or centrally-inclined sheets that are thought to dip towards a common magmatic source 41 [Anderson, 1936] . These inclined sheets record much of the intrusive activity of a volcano during its 42 lifetime, feed sill intrusions [Burchardt, 2008] and flank eruptions, and together constitute large 43 volumes of magma. Hence, they contribute significantly to the growth of a volcanic edifice and the 44 hosting crustal segment [LeBas, 1971; Klausen, 2004; Siler and Karson, 2009 ]. Additionally, they 45 record the local stress field surrounding their source during their time of emplacement [Anderson, 46 1936; Nakamura, 1977; Gautneb and Gudmundsson, 1992; Chadwick and Dieterich, 1995] .
Since exposure of the interior of volcanoes is usually limited in lateral and vertical extent, the 48 geometry of inclined sheets at depth has to be inferred. Based on the original model by Anderson 49 [1936] , two end-member geometries of cone-sheet swarms exist: Phillips' [1974] model of the 50 geometry of inclined-sheet swarms allowed for concave-downward (‗trumpet-shaped') sheet 51 geometries with increasing sheet dip closer to the magmatic source. The second end-member geometry 52 6
Geological setting of the Dyrfjöll Volcano 130
Dyrfjöll Volcano is located between the river plain Heradsfloi and the fjord Borgarfjördur eystri in 131
Northeast Iceland (Figs. 1 and 4), in an area characterised by the abundance of unusually large 132 volumes of felsic rocks (mainly rhyolite and dacites) for Icelandic volcanoes [Gustafsson et al., 1990] . 133
Winth an age of 12.5 to 13.1 Ma [Martin and Sigmarsson, 2010] , it is one of the oldest volcanoes 134 exposed in Eastern Iceland and probably belongs to a suite of central volcanoes located between 135
Heradsfloi in the north and Seydisfjördur in the south (Fig. 1) . 136
As a consequence of strong glacial erosion, the interior of the Dyrfjöll Volcano is exposed in the cove 137
of Njardvik down to a maximum depth of about 1100 m below the original land surface. The highest 138 peaks surrounding Njardvik, as well as the Dyrfjöll Mountains, are part of the summit area, whereas 139 parts of the flanks of the volcano are preserved on the slopes west of Borgarfjördur eystri, south of the 140
Dyrfjöll, and northwest of northern Heradsfloi. Probably as a result of its remote location, the absence 141 of recent geothermal activity, and the lack of opportunity to exploit hydropower, the area has not been 142 the focus of geological investigations, except for Gustafsson [1992] . 143 Based on Gustafsson [1992] , the geological history of the Dyrfjöll Volcano can be summarised as 144 follows: The main volume of the volcano was built up by basaltic lava flows, the extrusion of which 145 dominated during the early evolution of the volcano (Lower basaltic group). Towards higher structural 146 levels, the occurrence of some intermediate and acid lava flows (rhyolites, dacites, and icelandites), 147 intercalated with the basaltic lavas, indicates the progressive maturation of the magma chamber system 148 underlying the volcano. This culminated in the emplacement of a subvolcanic intrusive complex, the 149 Njardvik Silicic Complex (NSC), at shallow levels in the central area of the volcano. At the surface, 150 this was accompanied by explosive and effusive activity concentrated around the volcano's centre, 151 approximately located in Njardvik Valley. During the next phase of the evolution of the volcano, 152 activity shifted towards the southwest, where a major explosive eruption led to the formation of the 153 Dyrfjöll Caldera. During the final stages of the Dyrfjöll Volcano, the caldera depression, then7 occupied by a lake, was filled with basaltic hyaloclastites and pillow breccias and later with some lava 155 flows. Finally, after the volcano became extinct it was buried by regional flood basalt lavas. 156
The NSC is exposed near sea level in the cove of Njardvik, on the summits of the surrounding 157 mountains (Fig. 4) , and in a few canyons in the northern and southern part of the Dyrfjöll Volcano 158 (Fig. 3) . At lower structural levels, it displays intrusive contacts to its host rock. However, as shown in 159 detail by Gustafsson [1992] , towards higher levels, the felsic rocks of the NSC increasingly exhibit 160 extrusive features. In addition, some of the exposed eruption sites are clearly connected to the 161 underlying intrusive felsic rocks through dykes and inclined sheets [cf. Holohan et al., 2009] . The 162 occurrence of several subunits indicates that the formation of the NSC occurred through episodic 163 magma supply. The overall shape of the intrusive part of the NSC resembles a broad dome with an 164 inferred culmination in the valley of Njardvik, where a maximum of 200 m of intrusive thickness is 165 exposed. Basalt lavas that form the roof rock of the intrusive part of the NSC on the slopes 166 surrounding Njardvik, dip concentrically towards Njardvik Valley, thus forming a depression. 167
According to Gustafsson [1992] , this structure is a result of subsidence following the intrusion and 168 subsequent extrusion of magma belonging to the NSC [cf. O'Driscoll et al., 2006 . 169
As can be observed in the impressive outcrops of the NSC at the coast in Njardvik (Fig. 2B) , the 170 interior of the volcano is crosscut by a large number of basaltic dykes, inclined sheets, and sills 171 [Burchardt, 2008] . These represent a shift back to predominantly basaltic magmatism, which postdates 172 the felsic phase of the Dyrfjöll Volcano. Gustafsson [1992] reported that the inclined sheets are 173 arranged in a concentric pattern around the centre of the Volcano in Njardvik Valley, whereas the 174 dykes strike dominantly NNE. 175
Data sets and methods of analysis 176
The intrusive swarms of the Geitafell and the Dyrfjöll Volcano were studied mainly along gullies. 177
Representative sheet orientations were recorded for respective outcrops and measured to avoid small-178 scale irregularities. The inclined sheets of the Geitafell Volcano are best exposed in the four canyons 179 in the northern part of the volcano close to the Geitafellsbjörg Gabbro (Fig. 6) , namely Efstafellsgil,8 Geitafellsgil (Fig. 3A, B, D) , Midfellsgil, and Kraksgil. These canyons represent NE-SW striking 181 sections that reach, in the case of the first three canyons, from close to the gabbro at the lowest-182 exposed altitude towards the flanks of the volcano. The intensity of sheet intrusion decreases with 183 distance from the gabbro from 100% adjacent to the gabbro (Fig. 3A, B) to only a few percent towards 184 the flanks. Since Kraksgil is located at some distance from the centre of the volcano (Figs. 2 and 6 ), it 185 is characterised by the lowest intrusive density. In addition, exposure quality generally decreases 186 upstream in the canyons where the incision by water creates more gently dipping walls that are more 187 scree-covered. 188
According to Burchardt and Gudmundsson [2009] , individual sheets are usually basaltic, between 1 189 cm and 11.25 m thick, and characterised by variable degrees of alteration, crystal content, vesicularity, 190 and chilling against neighbouring sheets. As a base for three-dimensional modelling of the sheet-191 swarm geometries, we used the dataset described by Burchardt and Gudmundsson [2009] we recorded thickness, type, and -for the intrusions -lithology of 93 faults and 464 sheet intrusions. 199
We subdivided sheet intrusions according to their dip into sub-vertical dykes (dip >70°) and inclined 200 sheets (dip ≤70°), following the approach of e.g. Annels [1967] and Gautneb et al. [1989] . This 201 distinction was used because dykes are assumed to have a more regional source located at considerable 202 depth beneath the shallow magma chambers that feed the inclined sheets [Walker, 1966;  cf. Grosfils, 203 2007] . Evidence for a generic difference is provided by a bimodal dip distribution with a gap between 204 sheet intrusions dipping <70° and those dipping ≥70° for both volcanoes ( plotted and categorised according to their location, and employing stereographic projections to assess 207 spatial variations. In case of the Dyrfjöll Volcano, the orientations of dykes and faults were also 208 plotted on stereographic projections to assess regional trends. In general, the regional tilt of the lava 209 pile that postdates the lifetime of the two volcanoes (cf. Walker, 1974) , has not been considered during 210 data evaluation. In case of the Geitafell Volcano, we therefore did not account for post-volcanic 211 rotation of the measured sheets due to regional or local tilting. The amount of tilt seems to vary within 212 the area of the volcano, however, we discuss below implications for data interpretation that could arise 213 from tilting. Furthermore, the orientations of steeply-dipping sheet intrusions were subsequently 214 compared to the results of three-dimensional models of inclined sheets. 215
To model the sheet-swarm geometries in three dimensions, 436 inclined sheets in the Geitafell 216
Volcano and 321 inclined sheets in the Dyrfjöll Volcano were taken into consideration. Location (as 217 UTM XYZ coordinates), orientation, and number of each of these sheets were included in two ASCII 218 data files. Each sheet was then projected along its strike as a 100 m long strike-line to transform the 219 point of measurement into a line. This line was then linearly projected down-dip, using the software 220 3DMove, to create surfaces with the defined sheet orientations. In case of the Geitafell sheets, the 221 distance of down-dip projection was 1000 m, since the sheets are proposed to be located close to the 222 magmatic source, exposed as gabbro bodies [Burchardt and Gudmundsson, 2009] . Since the exact 223 location and depth of the source of the inclined sheets in the Dyrfjöll Volcano was not known, we used 224 a projection distance of 5000 m. As a base map, we used parts of the Digital Elevation Model (DEM) 225 of Iceland with a cell size of 25 m, provided by the National Land Survey of Iceland. The projected 226 sheets typically converge towards common foci and this allowed them to be grouped accordingly. 227
Grouping was done manually, taking into consideration sheet orientation, location, and relationship to 228 other sheets. In contrast to e.g. Siler and Karson [2009] , we defined foci as clusters of inclined-sheet 229 projection surfaces, because we expect magmatic sources to have a certain volume, as opposed to 230 point sources defined by intersection of all sheet trajectories in one point. For each group, a potential 231 source location/depth/size was defined, the accuracy of which depend on the number of sheets that 232 belong to each focus and their spatial distribution. 233
Results 234

Sheet swarms in the Geitafell Volcano 235
Stereographic projection of sheet orientations by their location in the four canyons (Fig. 6) does not 236 show a clear systematic spatial variation. In the data from all four canyons, sheets appear to belong to 237 two main groups or swarms: (1) N-S striking sheets that dip mainly towards the W at shallow to 238 moderate angles and (2) NE-SW to ENE-WSW striking sheets that dip SE to SSE at moderate to steep 239
angles. 240
Three-dimensional planar projection of the 436 inclined sheets offers the opportunity to analyse the 241 relation between location and orientation of each inclined sheet in more detail, because the results 242 clarify the relationship between location and orientation for an individual sheet, as well as the spatial 243 relationships between the sheets. The results support the above-mentioned classification in two 244 swarms and suggest the existence of a third swarm of inclined sheets striking E-W and dipping at 245 shallow angles to the N. The three likely swarms were colour-coded in 3DMove to better visualise the 246 groups ( Fig. 7 ; Appendix Movie 1) and analysed separately to derive information about their 247 magmatic sources. Swarm 1 comprises 335 of the projected sheets. Members of this swarm occur in 248 all four canyons without significant variations among the canyons. Dip directions cover a continuum 249 from NW to SW, while dips cover the full spectrum from ca. 20 to 70°, giving Swarm 1 the shape of a 250 downward-facing fan. Swarm 2 comprises 76 steeply SSW to SSE dipping sheets that occur in all 251 canyons, while only 25 inclined sheets belong to Swarm 3. The latter is distinguished from Swarm 1 252 by its shallow N to NNE dip. Swarm 3 sheets appear to become more abundant towards the NW, 253
however. 254
A comparison of the orientation of inclined-sheet swarms identified in the three-dimensional model, 255
where the sheets dip >70°, indicates that many of the steep sheets can be defined as members of 256 Swarm 2 (Fig. 7) . In this context, the majority of the 56 sheets that cut the Geitafellsbjörg Gabbro can 257 be assigned to Swarm 2, even though Burchardt and Gudmundsson [2009] showed that most of them 258 follow cooling joints in the gabbro. Only nine of the sheets that cut the gabbro can be safely defined as 259 belonging to Swarm 1. 260
Cross-cutting relationships between sheets observed in the field (e.g. Fig. 3A ; we recorded 21 cases 261 where sheets of Swarm 2 crosscut gully walls formed by Swarm 1. No cases where Swarm 2 sheets 262 were cut by members of Swarm 1 were observed) and the preferential occurrence of Swarm 2 sheets 263 within the Geitafellsbjörg Gabbro indicate that Swarm 2 postdates Swarm 1. Cross-cutting 264 relationships of Swarms 1 and 3, however, were not that frequently recorded, which we attribute to 265 their similarity in orientation, so that their intersections would be at highly acute angles. 266
Sheet swarms in the Dyrfjöll Volcano 267
Of the 464 sheet intrusions measured in the area of the Dyrfjöll Volcano, 93 were classified as dykes 268 (dip >70°). These are mainly basaltic and tend to be thicker (0.99 m on average) than sheet intrusions, 269 dipping ≤70° (0.82 m thick on average). Dykes exhibit NNE to NNW strikes (010° on average) which 270 coincide with the orientation of faults in the area (Fig. 8) . 
intrusions. 276
The orientation of shallow-dipping intrusive sheets (inclined sheets) is characterised by a small-circle 277 distribution (Fig. 8 ) that might indicate a common magmatic source. However, sheet orientations 278 plotted as a function of location (Fig. 9) demonstrate that there is a strong variation that cannot be 279 attributed to one common centre. Three-dimensional, planar projection of 321 inclined sheets indicates 280 that they belong to more than one swarm. As a consequence, sheets which obviously deviate from the 281 orientation of the main swarm [as proposed by Gustafsson, 1992] were marked and subsequently 282 grouped according to their location and orientation. The selection resulted in the differentiation of 283 three major swarms, as shown in Fig. 10 (see also Appendix Movie 2), as well as four minor swarms 284 or sub-sets. 285
The largest sub-set, Swarm 1 (marked purple in Fig. 10 ) comprises 221 sheets that are distributed all 286 over the studied area. The swarm has a radius of a minimum of 3 km and is traceable in its central area 287 in the upper Njardvik Valley. Its outer part is constrained by sheets in all profiles and represents more 288 than 240° of a circle in the area north of Borgarfjördur Valley and the Dyrfjöll (Fig. 11) . Sheet dips 289 vary from around 10° to 70° in all profiles and therefore do not show a systematic variation in dip. A 290 second sub-set (Swarm 2, marked blue in Fig. 10 ) consists of 39 sheets exposed in the southeast of the 291 study area. They represent the north-western segment of a circular swarm with a radius of around 3 292 km. The sheets vary in dip between 10° and 70°. The rest of the swarm is not exposed, but we expect 293 them to lie offshore in the fjord of Borgarfjördur eystri and below the sedimentary cover of 294
Borgarfjördur Valley. The third largest sub-set (Swarm 3, marked light yellow in Fig. 10) comprises 295 32 sheets located in the north and northeast of the Dyrfjöll Volcano. The inclined sheets of Swarm 3 296 dip towards a centre located to the north-northeast, off the coast (Fig. 11) . A reconstructed swarm 297 would have a radius of at least 5 km. Furthermore, there are four minor sub-sets: 11 sheets of sub-set 4 298 (marked yellow in Fig. 10 ) are located in the north-eastern part of the studied area and dip to the 299 northwest. They are possibly associated with Swarm 3. Five sheets marked orange (sub-set 5) that are 300 located in the westernmost part of the study area converge to a common focal point northwest of the 301 Dyrfjöll Mountains. Another sub-set (sub-set 6, marked green in Fig. 10 ) consists of three inclined 302 sheets in the northwest of the study area. Their main dip direction is WNW. Finally, one felsic inclined 303 sheet was measured south of the Dyrfjöll Mountains (marked in pink in Fig. 10 ). It does probably not 304 belong to one of the centres of the Dyrfjöll Volcano as it appears to originate from the south. 305
To assess the relationships between the individual swarms the following questions were posed: 306 
Three-dimensional projection of different sheet geometries 327
Three-dimensional projection of inclined sheets allows on the one hand to visualise more clearly the 328 spatial distribution of different sheet orientations, for instance compared to stereographic projection. 329
On the other hand, it helps to deduce information about the depth, shape, and size of the magmatic 330 source feeding the sheets [e.g. Klausen, 2004; Siler and Karson, 2009 ]. All techniques used so far 331 assume simplified sheet geometries at depth, because the geometry and exact orientation of inclined 332 sheets and sheet swarms at depth is still uncertain [Anderson, 1936; Phillips, 1974 (Figs. 12 and 13) . Idealised, 338 concave-upward sheet geometries produces a bowl-shaped sheet swarm (Fig. 13E) [cf. Klausen, 2004 ] 339 and leads to a shallow source depth, as sheet dips decrease with depth. Concave-downward sheet 340 projection produces a trumpet-shaped swarm (Fig. 13F) , with a deeper focal point, since sheet dip 341 increase downwards. By comparison, planar sheet projection results in intermediate source depths 342 (Fig. 13D) . This difference in the derived source depth is in the range of several hundred to even a few 343 thousand metres, depending on the swarm size and the defined sheet geometry the projection is 344 applied to. Comparatively well-exposed swarms of inclined sheets with well-distributed profiles allow 345 an estimate of true sheet geometries e.g. from spatial variations in sheet dips [e.g. Gautneb et al., 1989; 346 Klausen, 2004] . In case of the Geitafell Volcano, field observations of the overall appearance of the 347 inclined-sheet swarm in the slope of Vidbordsfjall (Fig. 3C) suggest that the geometry of sheets is 348 predominantly bowl-shaped with a decrease in dip of about 7°/km horizontal distance from the source 349 concave-upward (bowl-shape) (Fig. 12) . The results demonstrate significant differences in the overall 352 swarm shape (Fig. 13) . This is particularly evident since all sheets were projected along the same 353 curve (blue curve = concave-downward and red curve = concave-upward in Fig. 12) without 354 adjustments to account for dip variations and projection distance of sheets. Generally, sheet projection 355 along a concave-upward (-bowl-shaped‖) path results in a fanning out of sheets with depth (Fig. 13C) . 356
When deriving information about the magmatic source from intersection clusters of sheets from 357 opposite ends of the swarm, a depth of more than one kilometre less above that of the planar and 358 convex-downward (-trumpet-shaped‖) sheet projection is derived. The trumpet-shaped arrangement is 359 characterised by clustering of sheet trajectories of sheets from one side of a swarm with depth (Fig.  360   13E) . Even though inclined sheets in the Geitafell Volcano compose a bowl-shaped swarm, their exact 361 concave-upward geometry at depth cannot be constrained with certainty. For this reason we derived 362 source depths estimates and locations from the planar projections (see Section 5.2). 363
In the Dyrfjöll Volcano, there is no systematic variation in dip with distance from the centre for any of 364 the swarms. Furthermore, the studied profiles do not cover a sufficient range of elevations to deduce 365 significant variation in dip with elevation. Consequently, the geometry of inclined sheets at depth was 366 only projected along planar paths. 367
Depths, sizes, and shapes of magmatic sources 368
In case of the Geitafell Volcano, the distribution of the sheet intrusions studied does not allow a 369 inclined-sheet swarm is in direct contact with the Geitafellsbjörg Gabbro and decreases in spatial 377 density away from it. Moreover, most of the inclined sheets do indeed converge towards the 378 Geitafellsbjörg Gabbro, towards the Valagil Gabbro in the west (Fig. 2) , as well as towards the north-379 west and north of Geitafellsbjörg (Fig. 7) . This semi-continuous spread of dip directions indicates that 380 the Geitafellsbjörg and the Valagil Gabbros are most likely linked and probably continue to the north-381 west and north below the current level of exposure. In this respect, Swarm 3 may be interpreted as a 382 continuation of Swarm 1, reflecting the potential extent of the source towards the north. Moreover, the 383 wide range of dip directions of sheets shows that the size of the source magma chamber is in the range 384 of at least 7 km in NW-SE direction and more than 4 km in NE-SW direction. Assuming that the 385 distance to the magmatic source is the distance to the Geitafellsbjörg Gabbro, the wide range of dips of 386 the inclined sheets of Swarm 1 indicates that the depth of the gabbro ranges from the current sea-level 387 to approximately 2 km (assuming planar sheet geometries). This corresponds to a source depth of 388 between 2 to 4 km below the Tertiary land surface [cf. Walker, 1960 Walker, , 1974 . 389
Members of Swarm 2 are characterised by intermediate to steep eastward dips. Taking into account the 390 regional westward tilt in this area [Walker, 1974] , one could expect that the original dips were up to 391 20° steeper. The magmatic source of the inclined sheets of Swarm 2 was located only a few hundred 392 metres east of the Geitafellsbjörg Gabbro below the current level of exposure. However, the small 393 number of sheets of this swarm does not allow a precise localisation. Consequently, the source depth 394 cannot be constrained accurately. Cross-cutting relationships between swarms show Swarm 2 crosscut 395 the presumable source pluton of Swarm 1, the Geitafellsbjörg Gabbro. Also, the lack of a continuous 396 overlap in sheet orientations of Swarms 1 and 2 indicate that the inclined sheets of Swarm 2 represent 397 a newer phase of activity with a newly-established and deeper magma chamber, rather than a gradual 398 transition. Possibly, Swarm 2 represents a phase of activity that was dominated by regional tectonic 399 forces, as has been proposed for Geitafell by Annels [1967] and Fridleifsson [1983a] and for the 400
Hafnarfjall Volcano in Western Iceland [Gautneb et al., 1989] , or was simply caused by a new 401 intrusion originating from the Geitafellsbjörg Gabbro (e.g. a magmatic finger). 402
At the Dyrfjöll Volcano, three major and four minor sub-sets or swarms of inclined sheets were 403 distinguished (Fig. 10) ; for three of them, source locations can be estimated (Fig. 11) . The most 404 prominent of the inclined-sheet swarms (Swarm 1) corresponds to the concentric Njardvik Sheet 405
Swarm described by Gustafsson [1992] . Projection surfaces of sheets of this swarm cluster between 406 0.5 and 3 km depth below present-day sea level in a 3.5 km (E-W) × 5 km (N-S) area, indicating a 407 depth of the magmatic source of at least 1.5 km below the summit area of the eroded Dyrfjöll Volcano. 408
This magmatic source is located in the Njardvik Valley (Fig. 11) , approximately on the western 409 margin of the intrusions and depression associated with the NSC that predates the Njardvik Sheet 410 Swarm (Fig. 4) . Since cross-cutting relationships show that the Njardvik Sheet Swarm (Swarm 1) 411 postdates the NSC, the sheet swarm documents a renewed phase of activity fed by a mafic magma 412 chamber that was located to the west of the NSC centre. 413
The small number of members of other identified inclined-sheet swarms at the Dyrfjöll Volcano 414 allows a rough, or in the case of very small amounts of sheets no estimate at all, of the location and 415 depth of their magmatic sources. Swarms 2 and 3 indicate the existence of at least two further magma 416 chambers, one (feeding Swarm 2) located ca. 2.5 km to the ESE near Geitavikuthufa, the other 417 (feeding Swarm 3) ca. 4 km NW of the centre of Swarm 1 (Fig. 11) . In case of Swarm 2, the source is 418 estimated to lie at a depth of 0.5 to 3.5 km b.s.l. and to cover an area of at least 4 km (N-S) × 4 km (E-419 W). Further evidence of the existence of a magmatic centre at Geitavikuthufa is given by an eruption 420 site southeast of the summit (Fig. 4) . 421
Cross-cutting relationships show that the magma chamber feeding Swarm 3 was active at the same 422 time as that of Swarm 1. Inclined sheets belonging to Swarm 4 are evidence of a subsequent shift of 423 activity towards the north-east. There is, however, no spatial trend of activity with time. Remarkably, 424 no inclined sheets associated with the Dyrfjöll Caldera and no evidence of a shift of activity towards 425 the Dyrfjöll Caldera has yet been found. and the Otoge Volcano, Japan [Geshi, 2005] . In contrast, neither the Njardvik Sheet Swarm in the 438 Dyrfjöll Volcano, nor the inclined sheet swarms in the Vatnsdalur area show dip variations [Siler and 439 Karson, 2009] . In case of the Vatnsdalur area, the lack of dip variation might be due to insufficient 440 spatial variation in the studied profiles, whereas in case of the Njardvik Sheet Swarm, a wide spectrum 441 of dips is evident in all studied sections, independent of the distance to the estimated centre of the 442 Walker, 1974; Gustafsson, 1992] . The depth of 668 glacial erosion decreases northward so that the volcanoes in the south are exposed at deeper levels, 669 including plutons that represent parts of their magma chambers. 670 Figure 2 . Geological map of the Geitafell Volcano (location indicated in Fig. 1 ), modified after 671 Fridleifsson [1983a] . Note that due to the regional dip to the north-west, deeper levels of the volcano 672 are exposed in the south-east. The highest peak (north of Geitafellsbjörg) reaches an altitude of 673 1275 m a.s.l. 674 shown from all sides without the DEM. Sheets are colour-coded, as described in Section 4.1 and Fig.7 . 743
Movie 2: Three-dimensional presentation of the inclined-sheet swarms of the Dyrfjöll Volcano in 744 3DMove starting from map view of the translucent DEM with sheets colour-coded as described in 745 Section 4.2 and Fig. 10 . The view moves anticlockwise around and below the DEM surface.
